The production of lyophilized foods is a market with great growth potential, for providing important preservation characteristics, such as stability at ambient temperature, versatility of the product and preservation of the chemical compounds. Given the functional effects of peanut powder extracts, this study aimed to quantify the bioactive compounds and determine physical and chemical characteristics, comparing samples with and without skin. After obtaining the aqueous peanut extract the samples were frozen at -18 °C for 24 h. The formulated extracts were dried in a benchtop lyophilizer operating at temperature of -55 °C for a period of 48 hours. The powder extracts were disintegrated in a multiprocessor for 30 seconds and the samples were physically and chemically evaluated. The powder extracts were classified as non-hygroscopic, exhibiting poor fluidity and intermediate cohesiveness in samples with skin, and high cohesiveness in samples without skin. The powders showed agglomerated particles, with irregular and non-uniform shape. Potassium was the mineral found in largest amounts, as well as oleic and linoleic fatty acids. The particles of the powders exhibit a spherical shape, showing the presence of amorphous surfaces, in which there is no repetition of geometric forms. The peanut powder extracts are classified as non-hygroscopic, have poor fluidity, intermediate cohesiveness in samples with skin and high cohesiveness in samples without skin.
and Cougo (2014), Juliano et al. (2014) and De-Melo (2016) demonstrate in their studies the advantages of lyophilization for the preservation of bioactive compounds and nutritional components in comparison to traditional drying methods. This fact is explained by the low temperature at which the entire process is conducted, which significantly reduces the alterations in the morphology of the initial product.
Assuming the particularity of each product, physical characteristics and chemical composition are essential for the adequate development of processes and simulations that aim to improve the production system of the peanut crop and its by-products. The challenge is to maintain the oxidative stability during the marketing chain, against extrinsic factors, including temperature, oxygen availability, light exposure and relative humidity, to preserve chemical, microbiological and sensory quality (Martín et al., 2016) . Araújo et al. (2014) , evaluating the physical properties of peanut grains, claim that these characteristics are of great importance for the correct management of this crop, to minimize the production costs for higher competitiveness and maintenance of product quality.
Given the functional qualities of peanut powder extracts, this study aimed to quantify bioactive compounds and determine physical and chemical characteristics of the product, comparing samples with and without skin.
Materials and Methods
The experiments were conducted at the Laboratory of Processing and Storage of Agricultural Products (LAPPA), of the Academic Unit of Agricultural Engineering (UAEAg) and at the Laboratory of Chemistry and Biomass (LQB), both at the Federal University of Campina Grande (UFCG), Campina Grande, Paraíba, Brazil.
Obtaining Peanut Powder Extract
The peanut produced in the semi-arid region of northeastern Brazil was harvested, processed and cleaned to be taken to the laboratory. After natural drying at 40 °C and 28% relative humidity, the beans were dried and prepared for processing. Initially, 200 mL of the aqueous extract of peanut with and without skin, obtained at the 1:2 proportion (peanut:water), was placed in plastic polyethylene bowls-GN½-200 mm and subjected to freezing through the direct contact of the samples with the cooled environment in a freezer at -18 °C, for 24 h. Later, the formulated extracts were subjected to lyophilization at temperature of (-55±3) °C, for 48 h, with final absolute pressure of 6.0 kPa. After the lyophilization process, the formulated peanut powder extracts were disintegrated in a multiprocessor for 30 seconds and the samples were chemically and physically evaluated.
Determination of Bioactive Compounds
Peanut powder extract samples were chemically characterized for the parameters: total phenolics (mg GAE g ) and total flavonoids (mg CE g -1 ).
Total Phenolics
The total phenolics contents were determined through the Folin-Ciocalteau method described by Nóbrega et al. (2014) , using gallic acid as standard. The extracts were prepared through the dilution of 1.0 g of sample in 50 mL of distilled water and left at rest for 1 h. A 50-μL aliquot of the extract was transferred to a test tube and mixed with 2075 μL of water and 125 μL of the Folin-Ciocalteau reagent. The mixture remained at rest for 5 minutes and, immediately after, received 250 μL of 20% sodium carbonate, followed by agitation and rest in a heated bath at 40 °C, for 30 minutes. The calculations made in the determination of phenolic compounds used a standard curve with gallic acid, with readings in spectrophotometer at 765 nm and results expressed in milligrams of gallic acid equivalent (GAE) per gram of fresh weight of the sample (mg GAE g -1 sample).
Antioxidant Activity through the ABTS Method
The antioxidant capacity was determined using the ABTS [2,2-azino-bis-(3-ethylbenzothiazolin-6-sulfonic acid)] free radical-scavenging method, according to Rufino et al. (2010) . The ABTS radical was formed by the reaction of the 7 mM ABTS solution with a solution of 140 mM potassium persulfate, incubated at ambient temperature in the dark for 16 hours and, immediately after, diluted in ethanol until absorbance of (0.70±0.05) nm at 734 nm. The antioxidant capacity of the peanut powder extract was estimated using a mixture of 30 μL of the extract with 3.0 mL of the ABTS radical. The reading was taken after 6 minutes of reaction in UV-VIS spectrophotometer (AGILENT 8453), using quartz cuvettes at the wavelength of 734 nm and ethanol as the standard. The calculations made in the determination of antioxidant activity used a standard curve of Trolox, previously established. The results were expressed in μM Trolox.g-1 extract.
Total Flavonoids
The flavonoids were determined according to the methodology described by Woisky and Salatino (1998) . Approximately 1.0 mL of the 1:10 dilution (peanut powder extract:methanol) was placed in a 5-mL flask and mixed with 0.1 mL of the solution of 5% aluminum chloride and methanol until the measurement mark, with later homogenization and storage in a dark environment for 30 minutes. Readings were performed in a UV-VIS spectrophotometer (AGILENT 8453), using quartz cuvettes at the wavelength of 425 nm. The flavonoids content was calculated using a calibration curve with catechin in the interval of 4 to 12 mg mL -1
. The results were expressed in milligrams of catechin equivalent g -1 of sample.
Physical and Chemical Characterization of the Powder Extracts
The peanut powder extract samples were physically and chemically characterized for the parameters: wettability (g s -1
), hygroscopicity (%), apparent density (g mL -1
), compact density (g mL -1
), Carr index (%), Hausner ratio, morphology of powder particles, ashes (%), mineral composition (K, P, Mg, Ca, Si, Zn, Fe, Mn, S, Rb, Cu, Ni, Sr) (%) and fatty acids (mg 100 g -1 of lipids).
Wettability
The wettability was determined according to the static method proposed by Ceballos et al. (2012) .
A fixed amount of powder (1 g) was weighed and placed on a glass slide, situated 1 cm above the surface of the liquid (distilled water) at 25 °C, in a cubic container (transverse area = 25 cm²). The glass slide was then rapidly removed, causing to powder to fall on the surface of the water in the container. The time necessary for all particles to wet was visually determined and recorded with a chronometer. The wettability was calculated using Equation (1):
where, W: wettability, g s -1 ; N: mass of the sample, g; t: time, s.
Hygroscopicity
Hygroscopicity was determined through the method proposed by Goula and Adamopoulos (2010) , with some modifications. The powder samples (±1 g) were weighed in glass capsules, placed in a hermetic container with a NaCl-saturated solution (relative humidity of 75.29%) at 25 °C for seven days, with subsequent weighing of the powders. Hygroscopicity was calculated using Equation (2):
where, H: hygroscopicity, %; X: absorbed water mass, g; U: water content of the powder on dry basis, g g -1
; a: mass of the sample, g.
Apparent Density
Apparent density was determined according to the method used by Caparino et al. (2012) , with some modifications, in which 8 g of the peanut powder extract were weighed in a 5-mL graduated cylinder, without compaction, to determine the total volume occupied by the solid. The apparent density was calculated using Equation (3):
where, ρa: apparent density, g mL -1 ; ms: mass of the solid, g; Vt: total volume, mL.
Compact Density
Compact density was determined by weighing a mass of peanut powder extract until completing a 5-mL graduated cylinder. The compact density was determined using the powder mass contained in the cylinder after being hand-tapped 50 times on the surface of the bench from a height of 10 cm (Tonon et al., 2013) , and calculated using Equation (4):
where, ρc: compact density, g mL -1 ; ms: mass of the solid, g; Vc: volume of the solid after compaction, mL.
Carr Index
The Carr index (CI) is a simple method to indirectly evaluate the flowing properties of powders through the comparison between the apparent density (ρa) and the compact density (ρc) of the powder, which can be calculated with the Equation (5):
2.6.6 Hausner Ratio
The Hausner ratio (HR) is used to indirectly evaluate the flowing properties of powders and is determined based on the apparent density (ρa) and compact density (ρc), according to the methodology of Hausner (1967) , in which the factor is correlated with the fluidity of a powder or granulated material, calculated using Equation (6):
2.6.7 Morphology of Powder Particles
The morphology of the powder extract particles was analyzed through Scanning Electron Microscopy (SEM). The samples were prepared by the deposition of the solids on aluminum sample holders, coated with carbon double-sided tapes, metalized with gold for 240 seconds with current of 10 mA in Shimadzu IC-50 metallizer, under high vacuum conditions, to promote a reflecting surface for the electron beams. Then, the samples coated with gold were observed using a SSX-550 SUPERSCAN microscope (Shimadzu, Japan), operating at 15 kV, and the morphological structures were photographed using magnifications of 50×, 100×, 500× and 1000×.
Fatty Acids
For the determination of the lipid profile through gas chromatography, the lipids were extracted using the analytical methods described by the Adolfo Lutz Institute (IAL, 2008) . The samples were stratified according to the ISO 5509 method (International Organization for Standardization, 1978) , to determine the composition in fatty acids through gas-phase chromatography, by injecting 1 µL in a gas chromatograph. The fatty acids were identified using standards of methyl esters of pure fatty acids, by comparing the retention time of the methyl esters of the samples with the standards. The fatty acids were quantified through area normalization according to Visentainer et al. (2012) , expressing the result in milligrams of each acid over the total of fatty acids. Table 1 shows the results of the analysis of total phenolics, antioxidant activity and total flavonoids of the peanut powder extracts with and without skin. Note. * The data are means of three replicates ± standard deviation.
Results and Discussion
The values of total phenolic compounds were obtained from a calibration curve with gallic acid (Sigma-Aldrich), with five points (10 to 50 μg mL -1
), which showed a regression coefficient of 0.9992. The coefficient of variation of the calibration curve varied from 1.05% to 2.10% and the total phenolic compounds varied from 4.37 to 2.94 mg GAE g -1
. Similar results were found by Farinha (2014) , studying the effect of lyophilization on the bioactive potential of extracts of kiwi pulp (1.38-9.5 mg GAE g -1 ) and whole kiwi (2.62-12.70 mg GAE g -1 ). Whent et al. (2011) , in a comparative study of total phenolic compounds in raw yellow and black soybean, found values varying from 3.5 to 4.9 mg GAE g -1 , which agree with those of the present study. Malencic et al. (2012) observed a great variation of total phenolic compounds in the soybean cultivars, with contents ranging from 0.80 to 2.20 mg GAE g -1 in yellow soybean and from 0.81 to 12.10 mg GAE g -1 in black soybean.
The specialized literature on the subject indicates that the concentration and proportion between solvents, as well as the relationship between solvent volume and sample mass, are the most important parameters in the extraction of bioactive compounds (Ilaiyaraja et al., 2015) . Different solvents have been used in these extractions and the commonly used are: water, ethanol, methanol and/or acetone, or their mixtures (Bachir Bey et al., 2014) .
The powder extracts of peanuts with and without skin differ regarding the antioxidant activity evaluated through the ABTS free radical-scavenging method. Superior results were reported by Jeng et al. (2010) , who evaluated three varieties of black soybean through the ABTS method and obtained antioxidant activity values in the range of 7.05 to 15.98 mg eq. of Trolox g -1
. Bolanho and Beléia (2011) , evaluating the antioxidant activity of the soybean cultivar BRS 267 through the ABTS method, found content of 7.1 µmoles eq. of Trolox g -1 . These variations can be attributed to factors such as cultivar, extraction method and type of solvent used. The content of flavonoids of the peanut powder extracts was 0.1812 mg CE g -1 (with skin) and 0.1336 mg CE g -1 (without skin). Rezende (2012) , in a comparative study on physicochemical and nutritional characteristics of yellow and black soybean, found values ranging from 0.74 to 1.75 mg CE g -1 for raw soybean and, after soybean was cooked, the contents of flavonoids decreased to 0.34 mg CE g -1 (yellow soybean) and 0.77 mg CE g -1 (black soybean). The products based on black soybean may also exhibit significantly superior values of flavonoids in relation to those produced with yellow soybean. Xu and Chang (2009) , evaluating soybean extract based on black soybean, found values of 0.25 mg CE g -1 , whereas the yellow soybean extract contained only half of this content. Flavonoids have aroused great interest in biotechnology due to their positive influence on human health through the contribution with their therapeutic potential and anti-inflammatory, anticancer, antiviral, antiparasitic, bactericide properties, among others, which may be more effective than conventional medicines (Tarahovsky et al., 2014) . Table 2 shows the results of the analyses of wettability, hygroscopicity, apparent density and compact density of the peanut powder extracts with and without skin obtained through lyophilization. The wettability varied from 0.0063 g s -1 (powder extract with skin) to 0.0057 g s -1 (powder extract without skin), corresponding to a difference of 9.52%, respectively, which means that the time necessary for the complete disappearance of the powder from the surface of the liquid at rest changes depending on the structure of the material. This behavior can be associated with the water content of the samples, and the lower it is, the easier the penetration of water will be, increasing the power of reconstitution. Similar results were found by Endo et al. (2007) , who studied powder passion fruit juice and observed reduction of wettability along the storage time, a fact related to the water absorption by the sample. Note. * The data are means of three replicates ± standard deviation.
The peanut powder extract with skin showed the best result of wettability, because, for an instantaneous powder, it is expected that the particles are wetted as fast as possible. In addition, the lyophilized product is easily rehydratable, because the microscopic pores are formed as a result of the ice crystals that sublimate during the drying process (Oikonomopoulou et al., 2011) .
Studies conducted by Ferrari et al. (2012) with samples of blackberry pulp powder demonstrate that the wettability is inversely proportional to the size of the particles because larger structures have more empty spaces between them, being easily penetrated by water in comparison to particles of smaller pores, where the penetration of liquids in the matrix of the food is more difficult, which results in poor properties of reconstitution.
The peanut powder extracts exhibit hygroscopicity values ranging from 4.8821% (with skin) to 5.3881% (without skin). According to the classification of the GEA Niro Research Laboratory (2010) for whey powder, which can be applied for other dehydrated products, powders with hygroscopicity < 10% are classified as non-hygroscopic; 10.1 to 15%, as slightly hygroscopic; 15.1 to 20%, as hygroscopic; 20.1 to 25%, as very hygroscopic; and > 25%, as extremely hygroscopic. Thus, the peanut powder extracts are classified as non-hygroscopic, an aspect that is related to the microstructural characteristics of the material, promoting a longer lifetime to the product.
Superior results were observed by Oliveira et al. (2014) evaluating the hygroscopic behavior of yellow mombin powders obtained through lyophilization, which showed values of 12.93% for the pulp powder of whole yellow mombin and 8.51% for the pulp powder of yellow mombin containing 17% of maltodextrin. Anticaking agents (tricalcium phosphate) and drying adjuvants (maltodextrin) can be used for a better preservation of the product, jas.ccsenet.org Vol. 10, No. 4; promoting less hygroscopic powders, which is associated with the fact that these are materials with low hygroscopicity, which reduce the water absorption capacity of the lyophilized products.
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The apparent density values determined for peanut powder extracts with and without skin were equal to 0.3063 g mL -1 and 0.3146 g mL -1
, respectively. These results agree with Rocha et al. (2011) , who studied the physical properties of powders of mixtures of fruit pulps with different lipid sources and observed density of 0.29 g mL -1 . Superior results were reported by Medeiros and Lannes (2010) , who studied physical properties of substitutes of cocoa powder and observed density values ranging between 0.49 and 0.69 g mL -1 .
The mean values of compact density of the peanut powder extracts were 0.4027 g mL -1 (with skin) and 0.4588 g mL -1 (without skin). These results agree with Santhalakshmy et al. (2015) for jamun fruit powders mixed with 25% of maltodextrin, with results varying from 0.38 to 0.45 g mL -1
. Superior results were reported by Lavoyer (2012) , who studied the drying of green coconut in spouted bed and found density values between 0.585 and 0.627 g mL -1 .
The results of the determinations of apparent and compact densities were used to calculate the Carr Index (CI) and Hausner Ratio (HR). The CI and HR provide an indirect result of the ease of the powder to flow, since the more spherical the particles, the smaller the air spaces inside the powder mixtures, thus facilitating their flow.
CI values between 15 and 20% indicate good fluidity; between 20 and 35%, poor fluidity; between 35 and 45%, bad fluidity; and CI > 45%, very bad fluidity (Santhalakshmy et al., 2015) . According to this classification, the peanut powder extracts with and without skin show poor fluidity, which can be related to the high percentage of lipids in the sample, compromising the fluidity. These results are in agreement with Caliskan and Dirim (2016) , who evaluated the CI of sumac (Rhus coriaria) in powder obtained through different drying processes (lyophilization and atomization) and different concentrations of maltodextrin (20, 25 and 30%) , and observed results ranging from 15.89 to 25.02% (lyophilization) and 28.21 to 41.63% (atomization).
The results obtained for HR were 1.3164 (with skin) and 1.4537 (without skin). According to Santhalakshmy et al. (2015) , powders with Hausner ratio lower than 1.2 are classified as of low cohesiveness; HR between 1.2 and 1.4, intermediate cohesiveness; and HR > 1.4, high cohesiveness. In this context, it can be claimed that the powder extract with skin showed intermediate cohesiveness and the powder extract without skin showed high cohesiveness. Values between 1.25 and 1.5 can be improved by the addition of colloidal silicon dioxide at 0.2% (Wells, 2005) . Similar results were reported by Bhusari et al. (2014) , evaluating HR of tamarind powder mixed with different drying adjuvants (maltodextrin, gum arabic and whey protein concentrate), with values ranging from 1.3 to 1.5. Figures 1 and 2 show the photomicrographs obtained through SEM of the samples of peanut powder extracts with and without skin, respectively.
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As to the composition, the powder extracts are mainly composed of the oleic (C18:1) and linoleic (C18:2) fatty acids. Martín et al. (2016) , evaluating the chemical, sensory and microbiological stability of raw peanut stored in polypropylene packages, also observed that the oleic and linoleic fatty acids are present in larger amounts. This composition in mono-and polyunsaturated fatty acids is important for health, since these acids contribute to the reduction of the fractions of Low-Density Lipoprotein (LDL) and Very Low-Density Lipoprotein (VLDL), responsible for the increase in serum cholesterol. The high content of linoleic acid is nutritionally important, because it is an essential fatty acid, precursor of the other fatty acids from the Omega-6 family (Jorge and Luzia, 2012) .
Among the saturated fatty acids, the palmitic acid was predominant in the oil, followed by the beenic and stearic acids. This result is coherent, because the palmitic acid is the most abundant saturated fatty acid in plant lipids, whereas the beenic and stearic acids are less common. Similar results were reported by Martín et al. (2016) , who studied the composition of fatty acids of raw peanut and observed values of 5.37 mg 100 g -1 (palmitic acid), 1.49 mg 100 g -1 (stearic acid), 0.71 mg 100 g -1 (arachidic acid) and 2.26 mg 100 g -1 (beenic acid).
Conclusions
Based on the obtained results, it can be concluded that the bioactive compounds are found in larger amounts in the peanut powder extract with skin. The peanut powder extracts are classified as non-hygroscopic, have poor fluidity, intermediate cohesiveness in samples with skin and high cohesiveness in samples without skin. The particles of the powders exhibit a spherical shape, showing the presence of amorphous surfaces, in which there is no repetition of geometric forms. The peanut powder extracts have significant percentages of minerals (K, P, Mg and Ca) and are mainly composed of oleic and linoleic fatty acids.
